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Given the significance of the topic of commercialization and the existence of
barriers to the commercialization of products and created ideas—such as
financial and governmental obstacles, particularly in the field of chemicals and
specifically commercial explosives—qgreater attention and emphasis on the
commercialization process in the industries of our country is essential. The
primary aim of the present study is to propose a model for the
commercialization of innovations in the commercial explosives industry by
considering its antecedents and consequences. This research is applied in
nature and conducted using a mixed-methods approach. The qualitative section
utilizes grounded theory, while the quantitative section employs structural
equation modeling techniques. Data were collected through semi-structured
interviews and a researcher-developed questionnaire. Theoretical sampling
continued until category saturation was reached. Interviews were conducted
with 10 stakeholders. The findings indicate that causal conditions influencing
innovation commercialization have a significant positive impact, which
include seven constructs: access to international markets, competitiveness,
horizontal and vertical product development, creation of economic added
value, utilization of potential capacities, technology drivers in explosives, and
response to the broad demand for commercial explosive materials. Both
intervening and contextual conditions have a significant impact on the
formulation of strategies, which in turn lead to specific outcomes for the
commercial explosives industry.
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Introduction

Innovation, defined as the introduction of new or significantly improved products, services, or
processes, plays a critical role in achieving competitive advantage and addressing societal needs (Edwards-
Schachter, 2018). It encompasses enhancements in technical features, usability, and overall performance
(Mai et al., 2019). The commercialization of innovation, as a systematic process, involves transferring
knowledge and technology to practical applications, thereby creating economic and societal value
(Dehghan Dehnavi et al., 2011; Patience, 2024). In academic settings, commercialization often involves
transferring research outcomes to industry, contributing to economic growth and technological progress
(Toole & Czarnitzki, 2010).

New product development (NPD), which is intrinsically linked to innovation commercialization,
entails activities ranging from idea generation to market introduction (Cooper, 2019). It is a cornerstone
for companies aiming to maintain competitive advantage, especially in industries with evolving market
demands (Kahn, 2013). Historical trends, such as globalization and rising research costs, have further
underscored the importance of innovation commercialization (Rasmussen et al., 2006).

The commercial explosives industry represents a high-stakes domain where innovation and its
successful commercialization significantly impact operational efficiency and safety standards. However,
this industry faces unique challenges, including stringent regulations, financial constraints, and limited
access to international markets. Addressing these barriers is crucial for enhancing the commercialization
process, fostering economic growth, and advancing technological capabilities (Karlsson, 2004).

This study seeks to develop a comprehensive model for innovation commercialization in the
commercial explosives sector by identifying key antecedents and consequences. The research employs a
mixed-methods approach, integrating qualitative insights with quantitative analysis to propose actionable
strategies for stakeholders.

Methods and Materials

This research adopted a mixed-methods approach to explore innovation commercialization in the
commercial explosives industry. The qualitative phase, grounded in grounded theory, involved semi-
structured interviews with 13 experts selected through theoretical sampling. Data saturation guided the
interview process, ensuring comprehensive exploration of relevant themes.

Quantitative analysis was conducted using structural equation modeling (SEM). A researcher-
designed questionnaire, informed by qualitative findings, was distributed to 385 participants, determined
using Cochran’s formula. Reliability and validity of the constructs were tested using confirmatory factor
analysis (CFA) and Cronbach's alpha. The model's fit was assessed using goodness-of-fit indices such as
RMSEA, CFl, and NFI.

Findings and Results

The findings identified seven critical causal conditions influencing innovation commercialization:
1. Access to international markets: This facilitates broader adoption and revenue generation.
2. Competitiveness: Enhancing market positioning through innovation.
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3. Horizontal and vertical product development: Diversifying offerings to meet various market
demands.

4. Economic value creation: Generating financial returns from innovative activities.

5. Utilization of potential capacities: Leveraging existing infrastructure and expertise.

6. Technology drivers in explosives: Advancements in explosive technologies as a foundation for
innovation.

7. Response to broad demand: Meeting the diverse requirements of commercial explosive
applications.

Intervening conditions, including economic instability, bureaucratic hurdles, and international
sanctions, were found to significantly influence strategic decision-making. Contextual factors, such as
industrial infrastructure, cultural attitudes, and governmental support, also played a pivotal role.

The SEM analysis revealed that causal conditions had a significant positive impact on innovation
commercialization, with a standardized coefficient of 0.86. Intervening and contextual conditions
influenced strategic formulation with standardized coefficients of 0.38 and 0.64, respectively. The model
demonstrated strong fit indices (e.g., RMSEA = 0.05, CFI = 0.96).

Key outcomes of successful commercialization included:

o Sustainable job creation.

« Stimulation of complementary technologies.

o Development of industrial and mining infrastructure.
e Increased GDP and export profits.

o Enhanced safety standards and product quality.

Conclusion

This study highlights the multifaceted nature of innovation commercialization in the commercial
explosives industry, emphasizing the interplay of causal, intervening, and contextual factors. The findings
underscore the need for a strategic approach that aligns technological advancements with market demands
and regulatory frameworks.

The proposed model addresses critical barriers, offering pathways for enhanced innovation
performance. For instance, fostering international collaboration can mitigate market access challenges,
while streamlining bureaucratic processes can facilitate smoother innovation cycles. Strengthening
industrial infrastructure and promoting a culture of innovation are essential for leveraging latent
capacities.

By focusing on these strategies, the industry can achieve significant outcomes, including economic
growth, technological advancement, and improved operational safety. These findings provide a roadmap
for policymakers, industry leaders, and researchers to navigate the complexities of innovation
commercialization effectively.

In conclusion, the commercialization of innovations in the commercial explosives industry
requires a holistic understanding of its antecedents and consequences. This study contributes to the
literature by offering a robust framework that integrates qualitative insights and quantitative validation.
Future research could extend this work by exploring longitudinal impacts and cross-industry applications.
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